The global significance of forest ecosystems requires precise determination of the amount of carbon stored in different forest ecosystems. Regular monitoring of forests can aid in designing efficient climate change control strategies at national and global scale specially in reducing emissions from deforestation and degradation strategies. This research is designed to focus on determining deforestation of study area from 2001 to 2011 using Remote Sensing (RS) and Geographic Information System (GIS) techniques. This research provided rate and amount of degradation of forests in the study area and was quite helpful in formulating a strategy to earn carbon credits consistently and, therefore, will help in the uplifting of the standards of local population.
Introduction
One of the most debated and provocative science issues of 21st century is Global Warming. Report of Intergovernmental Panel on Climate Change (IPCC) on this issue, proclaims that the scientific concerns and suspicions of global warming are fundamentally determined. According to this report, there is 20 cm rise in sea level and 0.6˚C rise in global temperature during the last century i.e. 20th century. The IPCC report also suggests that by the end of this century, global temperature could rise by 1.4˚C to 5.8˚C and sea level could rise by between 20 cm and 88 cm if situation remains unchanged [1] . This is not the matter of national interest within the boundary of a country now; rather it is a global responsibility of human kind and all the nations will have to realize it globally and act upon collectively and effectively and should be taken seriously to save our planet [2] .
Extensive concern about global climate change has led to attention in reducing emissions of carbon dioxide (CO 2 ) and under certain conditions, in counting additional carbon captivated in soils and vegetation as part of encouraging the emissions reductions. Increasing the amount of carbon removed by and stored in forests can be one option for slowing the rise of greenhouse gas concentrations in the atmosphere, and thereby providing possible mitigation of adverse effects of change in climate [3] .
According to the Government of Pakistan 4.2 million ha of area is covered by forest in Pakistan i.e., only about 4.8 percent of total land area. Forest area of Khyber Pakhtunkhwa (KPK) is 1.21 million hectares, i.e., 40 percent of total forest area of the country [4] .
Forests are an essential part of daily lives of the countryside population living close to forested areas of Khyber Pakhtunkhwa (KPK). Timber, firewood, forest soil, pastures, and raw goods for industries of cottage, medicinal or edible plants and royalty expenses are the main advantages obtained by local people from these forests. Rural livelihood, most sturdily of those at the lowest of the socio-economic scale is affected by degradation of the forests [5] .
The basic idea behind REDD is in fact simple, i.e. countries that are prepared and capable of reducing emissions from deforestation should be monetarily compensated for doing so. To curb global deforestation, previous methodologies have so far been not successfully operational owing to lack of any visible monetary benefits to the local populations. However, REDD provides a new structure to permit deforesting countries to halt this historic trend. REDD is chiefly about emissions reductions and could concurrently address climate change as well as sustainable rural development [6] .
In order to qualify for earning carbon credits there are certain perquisites that have to be fulfilled such as:
• Stable forest area for a reasonable period of time.
• Deforestation and forest degradation should be calculated.
• The local population should have sustainable livelihoods.
It is, therefore, required to continuously observe numerous changes occurring in the forest areas, to make optimal policies for better utilization of forests. Conventional methodologies such as surveying are not only labor intensive but also costly. Whereas, cutting edge technology of RS and GIS provides us with the capability to efficiently monitor and manage the forests. Advances in RS and GIS data availability, quality, and type can possibly alleviate the current challenges of large-area monitoring and detailed examinations of subtle forest modifications which are the main hindrances in the understanding of the scale and pace of forest change. Digital remotely sensed imagery is now a standard instrument in the collection of the professional forest manager because the relationship of technology and need has finally arisen [7] .
Statement of the Problem
Keeping in view the above mentioned issues pertaining to the adverse effects of carbon emissions being accumulated in the environment, it is required to control such emissions. Since the forests act as carbon sinks by absorbing CO 2 from the environment, therefore, sustainable management of the forested areas as well as wellbeing of the local populations is needed. The UN's REDD initiative provides options for the regions which have these natural carbon sinks to earn credits from those regions which are causing carbon emissions through their industries. The REDD have certain conditions to be fulfilled before earning the carbon credits. These conditions demand sustainable forest areas as well as providing livelihood to the local populations. This demands regular monitoring of forest areas and assessment of afforestation activities for the preservation from damaging and deforestation.
Essentially the main objective of this study is to provide rate and amount of degradation of forests in the study area and hence to formulate a strategy to earn carbon credits consistently and, therefore, help in the uplifting of the standards of local population.
Therefore, the following goals are required to be achieved by this research.
• Preparation of baseline data for implementation of REDD.
• Land-cover map including deforestation/afforestation estimation maps of the study area.
• How much forest cover changes in the form of deforestation/afforestation in study area has occurred in the last 10 years?
• Comprehensive analysis on the basis of research study of selected forest area of Khyber Pakhtunkhwa province.
Study Area
The area under study consists of 3 northern districts of KPK province of Pakistan i.e. Kohistan, Shangla and Batgram which include 7 tehsils i.e. Pattan, Bisham, Chakisar, Maroong, Palas, Allai and Batagram, as shown in Figure 1 . This area is located in north-western side of Pakistan. Its total area is 7126.2 km 2 . Its borders meet Kohistan Division to the North, Sawat Division to the West and it is surrounded by Mansehra Division to the East and South.
Methodology
ASTER images were collected since it has 15 meter spatial resolution (VNIR bands) and 90 meter spatial resolution (Thermal Bands) which is finer as compared to LANDSAT TM data which has 30 meter spatial resolution of visible/infrared range and 120 meter resolution for thermal band. correction of ASTER images (VNIR) was carried out to derive ecologically relevant vegetation metrics. Top of atmosphere reflectance was calculated to use as the input for the Normalized Difference Vegetation Index (NDVI). Top of atmosphere reflectance corrects for two sets of factors and for this purpose "aster_radiance_vnir_hhn.gmd" model as shown in Figure 2 , was used to convert an input visible near-infrared (VNIR) image in scaled radiance (with bands 1 and 2 collected with the high gain setting and band 3N collected with the normal gain setting) to true radiance using the unit conversion coefficients and finally converted into top of atmosphere by using graphical model as shown in Figure 3 .
• Variations in solar illumination influenced by properties such as the solar elevation angle and earth-sun distance.
• The influence of atmospheric haze and aerosols on the signal detected by the sensor.
By correcting for these factors, surface reflectance should characterize the land features themselves.
Change detection in land use and land cover can be done by different ways. Each method has its own advantages and disadvantages. Most effective and simple technique is determining change detection through image classifications. In this process different classes are assigned to the pixels of remotely sensed data. The chief objective of this process is to recognize between different classes of land cover e.g. forest area, bare land, agricultural, vegetation, water bodies and urban area etc.
Change detection in land use and land cover can be done by different ways. Each In classification method used for change detection, each temporal image is categorized independently and then after classification these images are compared to other corresponding images. If the resultant pixels have same land cover class label then it is determined as no change and in the case of difference it is labeled as change [8] . A hybrid classification method was adopted in which first of all unsupervised classification method using ISODATA algorithm was exercised on the datasets of both the years as described below, then a separability analysis was done and final unsupervised classified images were chosen for further process. Now a supervised classification using maximum likelihood was done by taking training samples from high resolution images of Google Earth.
Results and Discussion
Spatiotemporal analysis exposed a number of output maps at tehsil level Different out- Water in the area has also been increased in the area, this is because in datasets of year 2001, Snow was more prominent in the area and since pure snow was eliminated in the images due to the processes applied on the images for atmospheric correction.
And this problem was not in the images of 2011 and it shows water and snowy area preserved in classified images as it is, hence it gives wrong impression that what has been increased. So by visual inspection and logic, it has been established that there is generally no change in water class. Accuracy assessment was performed and for this purpose 150 stratified random point throughout classified image of year 2001 were selected. Same point were verified by Google Earth high resolution images of the same area as reference points and then user and producer accuracies were measured, procedure was repeated for classified image of year 2011as shown in Table 1 and Table 2 respectively. The overall accuracies for classified images of year 2001 and year 2011 were achieved which is 93.33% for both the images. Conditional Kappa for each class for images of year 2001 and 2011 were also calculated as shown in Table 3 and Table 4 respectively.
Conclusion
On the basis of this research it is concluded that medium resolution remote sensing data provide an efficient means to monitor the forest areas over time, which is a prerequisite to earn carbon credits under REDD program. Hybrid classification aids in identifying features on earth surface by combining the advantages of supervised and unsupervised classifications; atmospheric processing reduces errors and uncertainties in geospatial analysis. The forest areas of KPK have a great potential for earning carbon credits under REDD program. The areas as described in discussion need to be regularly monitored; remedial measure to counter deforestation should be taken; local people should be provided with education; and infrastructure should be strengthened particularly in energy and sanitation (water conservation/purification). The areas of transition (from dense forests to scattered forests) should be monitored and afforestation activities should be conducted in these areas. Illegal forest cuttings should be strictly controlled through strong law enforcement. Urbanization trends in the district of Batagram need to be institutionalized.
